SHetA2 Dry Powder Aerosols for Tuberculosis: Formulation, Design, and Optimization Using Quality by Design.
Tuberculosis (TB) is a life threatening pulmonary infection caused by Mycobacterium tuberculosis (MTB). Current treatments are complex, lengthy, and associated with severe side effects that decrease patient compliance and increase the probability of the emergence of drug resistant strains. Thus, more effective drugs with little to no side effects are needed to diversify the armamentarium against the global TB epidemic. SHetA2, an anticancer compound with null toxicity at doses much higher than the effective dose, was recently discovered to be active against MTB. In the present study, a dry powder formulation of SHetA2 for pulmonary delivery was developed to overcome its poor aqueous solubility and to maximize its concentration in the lungs, the main site of TB infection. Using quality by design (QbD) methodology, three different formulations of SHetA2 microparticles (MPs) were designed, manufactured, and optimized, SHetA2 alone, SHetA2 PLGA, and SHetA2 mannitol MPs, to maximize the drug dose, target alveolar macrophages, and increase drug solubility, respectively. The resulting three SHetA2 MP formulations had spherical shape with particle size ranging from 1 to 3 μm and a narrow size distribution, suitable for uniform delivery to the alveolar region of the lungs. Upon dispersion with the Aerolizer dry powder inhaler (DPI), all three SHetA2 MP formulations had aerodynamic diameters smaller than 3.3 μm and fine particle fractions (FPF4.46) greater than 77%. SHetA2 remained chemically stable after MP manufacture by spray drying, but the drug transformed from the crystalline to the amorphous form, which significantly enhanced the solubility of SHetA2. Using a custom-made dissolution apparatus, the FPF4.46 of SHetA2 MP dissolved much faster and to a greater extent (21.19 ± 4.40%) than the unprocessed drug (3.51 ± 0.9%). Thus, the physicochemical characteristics, in vitro aerosol performance, and dissolution rate of the optimized SHetA2 MPs appear to be suitable to achieve therapeutic concentrations in the lungs.